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The immunoperoxidase technique was used in an electron microscopy study
to localize the virions of herpes zoster virus and simian virus 40 in cell cultures.
Intranuclear and intracytoplasmic virions of herpes zoster virus were easily and
specifically identified due to intense staining by the finely granular, black reac-
tion product. With simian virus 40, intranulcear virions were not stained,
whereas intracytoplasmic particles appeared densely black. There was essen-
tially no background staining. Advantages of this technique over the ferritin-
labeled antibody method include simpler preparative procedures for reagents,
greater penetrability of the antibody conjugate, and internal amplification
which substantially improves the ability to localize sites of antigen-antibody
reaction. We believe that the immunoperoxidase method can be successfully
applied to a wide variety of problems involving viral antigens.

The use of techniques for labeling antibody
against viral antigen has provided information
essential to the understanding of microbiolog-
ical systems. By coupling antibody to fluores-
cein, as originally described by Coons (2), fluo-
rescence microscopy has been used universally
as a method for identifying and localizing viral
antigen in infected host cells. For electron
microscopy, the conjugation of heavy metals
such as mercury (15) and uranium (23) to anti-
body has been attempted with little success.
At present, the method used most widely and
effectively involves the coupling of ferritin
(molecular weight, 850,000; diameter, 11 nm) to
antibody with reagents such as diisocyanates
(5, 8, 9, 13, 14, 19, 22) or p,p'-difluoro-m-m'-
dinitrodiphenyl sulfone (FNPS) (18). Recently,
Nakane and Pierce (10, 11), employing FNPS,
conjugated antibody against tissue antigens to
horseradish peroxidase and demonstrated that
these peroxidase-antibody conjugates retained
their enzymatic and immunologic activity.
Horseradish peroxidase (molecular weight,
43,000; diameter, 2.5 to 3 nm) is a protein
which, after incubation with the appropriate
substrate (3-3' diaminobenzidine), can be lo-
calized specifically with light and electron
microscopes. The accumulation of reaction
product amplifies the ability to localize sites of

peroxidase activity. Previous ultrastructural
studies on viral antigens (1, 25) have encoun-
tered problems in fixation that may alter mi-
croanatomy and diminish immunohisto-
chemical staining.
This report describes the ultrastructural

identification of herpes zoster virus (HZV) and
simian virus 40 (SV40) in cell cultures with
peroxidase-labeled antibodies and improved
fixation. Observations are presented that re-
late to the specificity and technical simplicity
of the immunoperoxidase technique in the lo-
calization of viral antigen.

MATERIALS AND METHODS
Viruses. Plaque-purified SV40 small plaque virus

(24) was a gift of S. Aaronson, National Cancer Insti-
tute. HZV strain HM was obtained from H. Hopps,
Division of Biologics Standards, National Institutes
of Health.

Infection of cell cultures. All cell lines used in
this study were maintained in 250-ml plastic Falcon
flasks with medium MAB 87/3 (3) supplemented
with 5% fetal bovine serum and penicillin (100
units/ml) at 37 C in a humidified incubator with 5%
CO2 and air. Confluent monolayers of African green
monkey (Cercopithecus aethiops) diploid fibroblast
cell line, DBS-FCL-1 (16), were inoculated with
SV40 at a multiplicity of infection (MOI) of 5, and
monolayers of the human diploid cell line, CCL-72
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(American Type Culture Collection, Rockville, Md.),
were inoculated with HZV (MOI of 5). After inocula-
tion with SV40 or HZV, the cultures were refed
without rinsing and maintained in medium MAB
87/3 without serum and reacted with peroxidase-la-
beled antibody at 4 days and 18 hr, respectively.

Preparation of peroxidase-antibody conjugates.
Rabbit SV40 antiserum (Grand Island Biological
Co.) contained 84 mg of protein/ml and had a neu-
tralization titer of 1:1,280. Human immune globulin
(Lederle Laboratories) was used as the source of an-
tibody to HZV, contained 290 mg of protein/ml, and
had a neutralization titer of 1:288. The respective
antibodies were conjugated with horseradish peroxi-
dase by a method modified after Nakane and Pierce
(10, 11) without column fractionation or absorption
with liver powder. Equal amounts by weight of horse-
radish peroxidase (Sigma, type II) and antibody
were dissolved in 0.5 M cold Na2CO3 adjusted to pH
10 with HCl (2 ml per 50 mg of protein of the anti-
body). To this solution, 0.5% FNPS in acetone was
added (0.1 ml of FNPS per 1.0 ml of peroxidase-
globulin solution). The mixture was stirred for 4 to 6
hr at 4 C and then was dialyzed against phosphate-
buffered saline (PBS) overnight at 4 C. The dialyzed
material was centrifuged at 3,000 x g for 10 min,
and the supernatant extract was combined with an
equal volume of an aqueous solution of saturated
ammonium sulfate. The precipitate was collected by
centrifugation at 3,000 x g for 20 min, washed twice
with a solution of 50% saturated ammonium sulfate
in PBS, dissolved in PBS, and dialyzed against PBS
overnight at 4 C. The dialyzed material contained
the peroxidase-labeled antibody and was stored in
portions at - 20 C.

Application of peroxidase-labeled antibodies.
Infected cells were fixed in situ for 1 hr in cold 4%
paraformaldehyde containing 0.1 M cacodylate buffer
and 0.01% CaCl2 at pH 7.3. The cells were rinsed
three times and allowed to wash overnight at 4 C in
0.1 M cacodylate buffer at pH 7.3. The peroxidase-
antibody conjugate (20 ml of a 1:2 dilution) was
then added for 24 to 48 hr at 4 C. After exposure to
the peroxidase-antibody conjugate, the cells were
rinsed in three changes of cold 0.1 M cacodylate
buffer (pH 7.3) and fixed for an additional 45 min in
cold 4% glutaraldehyde in the same buffer at pH 7.3.
Then, the cells were rinsed three additional times
with 0.1 M cacodylate buffer (pH 7.3) prior to 15 min
of incubation in 25 ml of substrate solution at room
temperature. The substrate consisted of 3-3' diami-
nobenzidine tetrahydrochloride (0.5 mg/ml) in 0.05
M tris(hydroxymethyl)aminomethane-hydrochloride
buffer at pH 7.6 containing 0.01% hydrogen peroxi-
dase (24). After the substrate reaction, the cells were
rinsed in three changes of distilled water and post-
fixed for 1 hr in 1% osmium tetroxide containing 0.1
M cacodylate buffer at pH 7.3. The cells were
scraped gently from the flask surface, suspended in
50% ethyl alcohol, and centrifuged (2,000 x g for 5
min) into pellets. Then, the pellets were rapidly
dehydrated in ethyl alcohol and embedded in Aral-
dite. Thin sections were cut, stained with lead cit-

rate and uranyl acetate, and examined in a Hitachi
HUllE electron microscope.

Studies of control cell cultures. Uninfected cells
and cells infected with HZV (CCL-72) or SV40
(DBS-FCL-1) were examined after application of the
peroxidase-antibody conjugate or substrate alone.
Additionally, DBS-FCL-1 cells infected with SV40
were examined after exposure to peroxidase-labeled
human immune globulin plus substrate. All of these
cells were fixed and prepared for electron micros-
copy as described above.

RESULTS
Figures 1-3 illustrate CCL-72 cells infected

with HZV, and Fig. 4-6 illustrate DBS-FCL-1
cells infected with SV40.

Figure 1 is a low-power electron micrograph
of a cell infected with HZV after application of
the peroxidase-antibody conjugate and sub-
strate. The nucleus contains a number of
round, black virions which are stained by
dense, black peroxidase reaction product. This
figure demonstrates how readily the virions
may be localized at low magnification. There
is no background staining.

In Fig. 2, the nucleus of a cell contains sev-
eral well defined virions of HZV (arrows). The
cell has been incubated in substrate (3-3' dia-
minobenzidine) which results in a slight gen-
eral increase in cellular density and a diminu-
tion of membrane definition which was noted
in all cells exposed to the substrate. As can be
seen, the virions are unaffected by the sub-
strate; capsid membranes enclose cores of low
to moderate density that appear irregular in
shape. Between the capsid and the core, char-
acteristically one can identify a zone of di-
minished density which appears clear.

Figure 3 illustrates a cell infected with HZV
which has been exposed to peroxidase-labeled
antibody and incubated in substrate. In con-
trast to Fig. 2, the virions appear as round pro-
files which are stained densely by black, gran-
ular peroxidase reaction product. The peroxi-
dase activity is specific for the virion and there
is minimal background staining. The normal
zone of diminished density between the capsid
and the core has been obliterated by the dense
reaction product. Adjacent to one of the virions,
a circumscribed, granular clump of reaction
product is present (arrow) and may localize
another HZV virion. Intracytoplasmic HZV
virions were identified in several of the cells
and demonstrated comparable specific per-
oxidase labeling.

Figure 4 shows a cell heavily infected with
SV40 that has been incubated in substrate
alone. The SV40 virions fill the nucleus, and
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FIG. 1. Low-power electron micrograph of a fibroblast infected with herpes zoster virus; peroxidase-labeled
antibody and substrate. Herpes zoster virions, which are scattered throughout the nucleus, are stained
densely and are easily identified as round, black profiles at low magnification. x 10,200.

one virion (arrow) is present in the cytoplasm.
The intracytoplasmic virions are usually
slightly larger and denser than intranuclear
ones, but, in both locations, they have a stip-

pled granularity and are outlined distinctly.
In Fig. 5, the cytoplasm of a substrate-incu-

bated cell contains several SV40 virions (ar-
rows) adjacent to tubular profiles. The virions
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FIG. 2. Nucleus of a fibroblast; substrate alone. Three herpes zoster virions (arrows) are seen to possess
irregularly shaped cores of low to moderate density and distinct capsid membranes. x 59,000.

FIG. 3. Fibroblast infected with herpes zoster virus; peroxidase-labeled antibody and substrate. Two intra-
nuclear virions are stained intensely with dense, black peroxidase reaction product. A circumscribed, gran-
ular clump of reaction product (arrow) is adjacent to one of the stained virions and probably represents an-
other virion. x 52,000.
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FIG. 4. Fibroblast infected with SV40; substrate alone. The nucleus is packed with SV40 virions, and one
virion (arrow) is found in the cytoplasm. The virions appear slightly granular and are outlined distinctly. x
52,000.

FIG. 5. Cytoplasm of a fibroblast; substrate alone. Several intracytoplasmic SV40 virions appear near a
tubular profile. x 67,000.
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appear slightly granular and their outlines are
evident.

Figure 6 illustrates the nucleus and adjacent
cytoplasm of a disintegrating, heavily infected

cell that has been exposed to peroxidase-la-
beled antibody and substrate. The nucleus is
filled with SV40 virions that are not stained
with peroxidase reaction product. Distinct

'"i Sy"Go-7ytwA

FIG. 6. Fibroblast heavily infected with SV40; peroxidase-labeled antibody and substrate. The nucleus is
filled by SV40 virions that are not stained, and several breaks in the nuclear membrane (arrows) are evident.
The intracytoplasmic virions are stained by dense, black peroxidase marker. x 58,000.
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breaks in the nuclear membrane are evident
(arrows) through which intranuclear SV40 vir-
ions are presumably able to enter the cyto-
plasm. In the cytoplasm, several clumps of vir-
ions that are stained densely with peroxidase
reaction product are identified. The virions
appear somewhat irregular in shape and size
and are not outlined clearly due to adherent
reaction product. The restriction of peroxidase
labeling to intracytoplasmic virions is a con-

sistent finding in SV40-infected cells.
In addition to the cells infected with HZV or

SV40 and exposed to peroxidase-labeled anti-
body or substrate, or both (as described above),
control cells (uninfected and infected) were

examined after exposure to labeled antibody
alone, substrate alone, and SV40-infected cells
to labeled human immune globulin plus sub-
strate. In all of these control cells there was no

nonspecific peroxidase staining of uninfected
cells or labeling of SV40 virions with peroxi-
dase-labeled immune globulin in SV40-in-
fected cells.

DISCUSSION
The results of this study demonstrate that

the immunoperoxidase technique is useful in
the specific localization of viral antigen.

Peroxidase staining of the virions of HZV
was observed by using human immune glob-
ulin as the source of antibody. It is interesting
that our results with HZV differ from those of
Nii et al. (13), who studied herpes simplex
virus with ferritin-labeled antibody to both
virus and host cell. These investigators failed
to observe capsid labeling with antibodies spe-

cific for either the virus or the host cell. Al-
though the variance from our results may re-

flect the differing nature of the viral antigens
or antibodies employed, an additional possi-
bility is that the large size of the ferritin mole-
cule (molecular weight, 850,000; diameter, 11
nm) precludes the consistent penetration of
cellular and viral membranes. On the other
hand, peroxidase (molecular weight, 43,000;
diameter, 2.5 to 3 nm) apparently can pene-
trate cellular and viral membranes more con-

sistently. Recently, Miyamoto et al. (9), using
four different antibody fractions conjugated to
ferritin, noted a varying reactivity of herpes
simplex virion-associated antigens. They pos-
tulated that capsids with cores of low density
can be labeled only with the early 7S antibody
fraction and might be those in the process of
assembly, whereas capsids with dense cores

might be completely closed, preventing pene-
tration of ferritin-conjugated antibody. It is
possible that the lack of labeling of viral an-

tigen may represent a technical defect in the
immunoferritin method that complicates the
interpretation of viral antigen localization and
immunologic activity.

In addition to the easier penetrability of the
peroxidase-antibody conjugate, there are sev-
eral other important advantages of the immu-
noperoxidase technique over immunoferritin.
First, the method for conjugation of peroxidase
to antibody is simple. Second, the smaller size
and easier penetrability of peroxidase-labeled
antibody obviates the need for agents (for
example, dimethyl sulfoxide) or methods (for
example, freezing) which are likely to damage
cells and distort microanatomy as are used in
immunoferritin techniques (5, 9, 13). Third,
the accumulation of reaction product amplifies
the ability to localize antibody at the sites of
peroxidase activity, which in turn results in
easy identification of viral antigen with min-
imal background staining.
Our observations concerning SV40 with spe-

cific peroxidase-labeled anti-SV40 antibody
indicate that intranuclear virions are not
stained by peroxidase, whereas intracyto-
plasmic virions are stained. These results agree
with previous immunoferritin studies. It ap-
pears likely, as postulated by Oshiro et al. (14)
and Levinthal et al. (8), that SV40, upon re-
lease from the nucleus, acquires a new "anti-
genic reactivity" in the cytoplasm. The finding
that rabbit antibody to SV40 does not stain
normal monkey cells even though the SV40
was propagated in monkey cells might be ex-
plained by the fact that the rabbits were im-
munized with SV40 without adjuvant. In such
a system, the antigenicity of any contaminant
monkey cell components apparently is very
slight compared to that of the SV40 virions,
and anticell antibodies are not produced in
sufficient titer to result in staining of the
monkey cells.
At the light microscopy level, the immuno-

peroxidase technique appears equal in speci-
ficity to immunofluorescence (11, 25). In
studies of herpes simplex-infected cells with
fluorescein-labeled antibodies, conflicting re-
sults have been described. For example, some
authors (6, 7, 13, 17, 20, 21, 26) noted intranu-
clear and/or intracytoplasmic fluorescence. In a
comparative examination, Hampar et al. (5)
reported that rabbit antibodies to herpes sim-
plex and EB viruses bound ferritin to intranu-
clear virus capsids, but that these same virus
particles could not be demonstrated by the
immunofluorescence method using the same
antibodies. As these investigators emphasized,
the nature of the intranuclear antigens which
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have been detected by immunofluorescence in
cells infected with herpes simplex or EB vi-
ruses remains open to question. As the same
tissue blocks can be used for light and electron
microscopy with the immunoperoxidase tech-
nique, this method may be useful in resolving
the disparity in results between immunoflu-
orescence and immunoferritin. Furthermore, in
comparison to immunofluorescence, the sec-
tions are permanent and may be studied with
an ordinary light microscope without special
illumination; there is minimal background
staining; and the peroxidase-antibody conju-
gates can be stored indefinitely at -20 C or
below.
The principal problem associated with the

peroxidase-antibody technique, as was experi-
enced in previous studies on viral antigen (1,
25), is the preservation of maximal enzymatic
and immunologic activity as well as microana-
tomical integrity. It has been shown previously
(4) that a combined paraformaldehyde-glutar-
aldehyde fixative provides optimal structural
preservation for electron microscopy with hor-
seradish peroxidase. However, paraformal-
dehyde diminishes the enzymatic reaction, and
glutaraldehyde tends to inhibit immunologic
activity. We have found that the best sequence
for retaining the enzymatic, immunologic, and
structural parameters is to fix the cells in par-
aformaldehyde, wash overnight, apply the per-
oxidase-antibody conjugate, and then fix in
glutaraldehyde. Postfixation in osmium te-
troxide after the substrate reaction, as noted
by Graham and Karnovsky (4), intensifies per-
oxidase staining. Although the substrate incu-
bation tends to diminish membrane definition,
pending the development of improved fixa-
tives and substrates, we recommend this
method for ultrastructural studies with peroxi-
dase-labeled antibody in cell culture.
The results of this study suggest that the

immunoperoxidase technique has important
practical potential in electron microscopy
studies of virus-cell interactions and may be
useful for light microscopy as well. This tech-
nique may aid in the resolution of a wide va-
riety of problems involving cellular and viral
antigens.
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